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(54) Recording medium and recording/reproducing apparatus therefor 



(57) A recording medium which realizes high sound 
quality and is playable on a conventional playback de- 
vice has a recording layer provided with a double-lay- 
ered structure having at least a first layer U and a sec- 
ond layer L2, an audio data program is recorded on the 
first layer in the first data format, which is the conven- 
tional format, and the audio data program is recorded 
on the second layer in a second, new data format. The 
audio data programs recorded on the first layer and on 



the second layer are the same program and can be pro- 
duced using 1 -bit AX modulation having a high sampling 
rate as the new format, the AI modulated signal being 
passed through successive decimation filters to form the 
lower sampling rate signal of the conventional format. 
The double-layered disk can be played back using a disk 
judging unit that detects the disk's table of contents and 
controls a laser beam focus of a pick up, an operating 
clock frequency, and the decoder for reading out the da- 
ta recorded in pits formed on the disk. 
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Description 

This invention relates generally to a recording me- 
dium (or recording audio data in a new data format and, 
more specifically, to a two-layered recording medium. s 

Compact disks (CD's) are now very popular as a 
recording media with high audio quality and typically 
have a diameter of about 12 cm on which digital audio 
data is recorded having a sampling frequency fs equal 
to 44.1 kHz and with 16-bit quantization. io 

With the progress in the audio industry and the re- 
quirement for a higher capacity and a higher transfer 
rate of various recording media, higher sound quality is 
required for the CD, which is referred to hereinafter as 
the first generation CD, and for realizing such higher '5 
sound quality the first approach to be considered is in- 
creasing the sampling frequency. 

More specifically, the sampling frequency fs = 44.1 
kHz of the first generation CD restricts the frequency 
band component of the audio signal data up to 20 kHz, 20 
and the higher sampling frequency allows the CD to 
record audio data of frequencies higher than 20 kHz and 
a more natural fidelity sound is recorded and repro- 
duced. 

It is possible to construct a new CD media system 2S 
having a data format with a higher sampling frequency 
than that of the first generation CD, however, such new 
CD media system involves various practical problems. 
If such new CD media system is realized, it is inevitably 
required that it be compatible with the first generation 30 
CD. For example, a playback device structured for new 
CD having a data format with the high sampling frequen- 
cy is required also to playback the first generation CD. 
On the other, from the view point of the CD system as 
a recording medium, it is required that the new CD 3$ 
should be able to be played back on the conventional 
player used for the first generation CD. 

Thus, although the high sound quality could be re- 
alized by simply increasing the sampling frequency, the 
new CD cannot be reproduced using a player for the first *o 
generation CD, so that such a new CD is not sufficient 
as a new CD system. 

A player for the new CD system can be constructed 
to play back the first generation CD, however, to perform 
such playback, two series of digital playback circuits 45 
performing the functions of a decoder and a D/A con- 
verter for the first generation CD and a decoder and a 
D/A converter for the new CD system are necessary. Of 
course, a clock generator is also required for each cir- 
cuit. Such added circuitry results in a complex, large so 
sized, and expensive circuit structure of the playback 
device. Therefore, it is not a suitable solution to the prob- 
lem of improving CD sound quality. 

In view of solving the above-mentioned problem, it 
is an object of the present invention to provide a new ss 
recording medium is playable on a playback device for 
the first generation recording medium and also to pro- 
vide a recording/reproducing apparatus for this new re- 
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cording medium. 

According to one aspect of the present invention, to 
achieve this object the recording layer is structured to 
have a plurality of layers comprising at least a first layer 
and a second layer, wherein on the first layer an audio 
data program recorded in the first data format, and on 
the second layer the audio data program recorded in the 
second data format. The audio data program recorded 
on the first layer and the second layer is the same pro- 
gram. 

More specifically, the data recorded, for example, 
on the first layer which is readable on a playback device 
for the first generation recording medium is provided 
with a data format of the first generation recording me- 
dium for playback on a conventional playback device, 
on the other hand, when the recording medium is used 
on a playback device for the new system, the data re- 
corded on the second layer on which data of a high 
sound quality format is recorded is read out to play back 
high-quality sound. As described hereinbelow, the 
present invention provides a high sound quality media 
as a new recording medium system, and also the 
present invention provides the convenience of compat- 
ibility with conventional playback devices. 

Particularly, the second data format is provided with 
a sampling frequency that is an integral multiple of the 
sampling frequency of the first data format, the integral 
multiple relationship allows the structure of the compat- 
ible device for playing back the first generation recording 
medium and the recording medium of the present inven- 
tion to be very simple. 

The second data format is prescribed to the one -bit 
AX modulated signal, whereby it is possible to increase 
remarkably the sampling frequency and sufficiently high 
sound quality is realized. 

More specifically, data recorded on the layer that is 
readable by a playback player for the first generation 
recording medium, that is, the first layer, is rendered in 
the data format for the first generation recording medium 
and the data is regenerated or reproduced using a con- 
ventional playback device, and a playback device for the 
new system reads data on the second layer on which 
high sound quality format data are recorded, thus, high 
sound quality playback is realized. A sampling frequen- 
cy that is an integral multiple of that of the first data for- 
mat is assigned to the second data format, so that the 
possibly complex structure of the compatible device for 
playback of both the first generation recording medium 
and the new recording medium of the present invention 
is avoided. 

Moreover, it is easy to increase greatly the sampling 
frequency by applying a one-bit AI modulated signal. 

The invention will be further described by way of ex- 
ample, with reference to the accompanying drawings, 
in which:- 

Figs. 1A and 1B are schematic diagrams for illus- 
trating a recording medium of an embodiment of the 
present invention. 
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Fig. 2 is a block diagram for illustrating recording of 
a recording medium according to an embodiment of the 
present invention. 

Figs. 3A-3D are graphs for describing the frequency 
spectrum at each processing step of the recorded signal 
according to an embodiment of the present invention. 

Fig. 4 is a schematic diagram for illustrating a play- 
back apparatus for a second generation disk according 
to an embodiment of the present invention. 

Fig. 5 is a schematic diagram for illustrating a play- 
back apparatus for a second generation disk according 
to an embodiment of the present invention in which con- 
ventional data is reproduced. 

Fig. 6 is a schematic diagram for illustrating a play- 
back apparatus for a second generation disk according 
to an embodiment of the present invention that is com- 
patible with both first and second generation disks. 

Embodiments of the recording medium of the 
present invention will be described in detail referring to 
Figs. 1 to 6 hereinafter. 

The recording media described in embodiments 
herein are recording media for realizing higher sound 
quality than the first generation CD, which have sam- 
pling frequency of fs = 44. 1 kHz and 1 6 quantization bits. 
More specifically, the sampling frequency of the present 
invention is 64 times that of the first generation CD, 
namely 2.8224 MHZ. The first generation sampling fre- 
quency of 44.1 kHz is referred to as fs and the 2.8224 
MHZ sampling frequency is referred to hereinafter as 64 
f s. A one-bit AX modulated digital audio signal with a 64 
fs sampling frequency is applied as the digital audio sig- 
nal for recording. This new CD recording medium is re- 
ferred to as the second generation CD hereinafter. 

The one-bit AS modulated signal can be provided 
with significantly higher frequencies compared with the 
data capacity and the data transfer rate in the conven- 
tional PCM modulated signal. In the embodiment of the 
present invention with a sampling frequency of 64 fs, it 
is possible in principle to record and playback data high- 
frequency components up to 1 .4 MHZ. Thereby, th e sec- 
ond generation CD has a remarkably high sound quality 
compared with the conventional first generation CD. 
The second generation CD also has a diameter of ap- 
proximately 12 cm, and the visual appearance of the 
second generation CD is the same as that of the first 
generation CD. 

The sampling frequency of the second generation 
CD is selected as an integral multiple of the sampling 
frequency of the first generation CD, thereby symmetry 
between the second generation CD system and the first 
generation CD system is provided, and the compatibility 
is maintained for convenience and economy. 

The second generation CD recording medium in ac- 
cordance with the present invention records not only au- 
dio data having 64 fs sampling/one -bit AX modulated 
format but also audio data having the same format as 
the first generation CD. 

For convenience in description, the audio data hav- 
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ing the 64 fs sampling/one -bit AI modulated format is 
referred to as "high sampling data', whereas on the oth- 
er hand the audio data having the 44.1 kHz sampling/ 
16-bit quantized first generation CD format is referred 
5 to as "normal." 

The recording layer structure of a disk 1 forming the 
second generation CD is shown in Figs. 1A and 1B. in 
which, the recording layer of the disk 1 on which pits are 
to be formed is provided with a double layered structure 
10 having a first layer L1 and a second layer L2. For forming 
the disk 1 having such a double layered structure, as 
shown in Fig. IB in detail, a pit P2 recorded as data on 
the second layer L2 is formed using a stamper on a disk 
substrate K formed of, for example, polycarbonate. A 
* s semi-transparent film R2 of dielectric material is depos- 
ited by sputtering and serves as a reflection film of the 
second layer L2. 

Then, an ultra-violet hardening resin is cast on the 
reflection film to form an intermediate layer I with a thick- 
ness of about 40 \xm, and the resin is pressed using a 
stamper to form a pit P1 in the first layer L1. while the 
resin is irradiated with ultraviolet rays to harden. In the 
same manner as was used for the first generation CD 
in which the pit P1 is formed, an aluminum (A1) reflec- 
tion film R1 is formed by sputtering and a protective film 
H of an ultra-violet hardening resin is formed thereover. 

Through the process described hereinabove, a disk 
1 having double-layered structure as shown in Figs. 1 A 
and 1 B is formed. 

The above-mentioned second generation CD has a 
diameter of 12 cm and thickness of 1.2 mm and is pro- 
vided with a double-layered recording area, and has a 
track pitch of 0.74 |im and a recording capacity of about 
4.7G bytes per one layer, for a total of about 8.5G bytes. 
Furthermore, in an alternative to the above-mentioned 
disk having a double layered recording area on one side, 
a disk having a diameter of 12 cm and thickness of 1.2 
mm with recording areas on both sides of the disk but 
with different formats and having a track pitch of 0.74 
nm and a recording capacity of the total 9.4G bytes is 
also possible as a form of the second generation CD. 

In this embodiment, the exact same program is re- 
corded on the first layer L1 and the second layer L2. For 
example, if data of three programs A, B, and C are re- 
corded on the first layer L1 , the data of those three pro- 
grams A, B, and C are recorded also on the second layer 
L2. The data recorded on the first layer L1 is based on 
digital audio data consisting of the normal data, and the 
data recorded on the second layer L2 is based on digital 
audio data consisting of the high sampling data. 

The data recorded on the first layer L1 and the sec- 
ond layer L2 of the second generation CD are described 
referring to Fig. 2 and Figs. 3A-3D. Fig. 2 is a block di- 
agram ol a portion of the recording system used in the 
ss manufacturing of the second generation CD. An analog 
audio signal comprising an original audio signal from a 
master tape is fed in at terminal 1 0. The frequency spec- 
trum of such an analog audio signal is shown in Fig. 3A. 
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The analog audio signal is converted to digital data by 
AX modulation using a one-bit A/D converter 1 1 , wherein 
the sampling frequency is changed to 64 fs and a digital 
audio signat of 64 fs/one-bit format is output. The fre- 
quency spectrum of this digital audio signal of 64 fs/one- s 
bit format is shown in Fig. 3B. 

In principle, data in a frequency band up to 32 fs is 
digitized, so that almost atl components of the analog 
audio signal shown in Fig. 3A form the digital data. 

The quantized noise components are concentrated 
in the high-frequency region on the frequency axis, be- 
cause of the noise shaping function in AX modulation. 

The digital audio signal of the 64 fs/one-bit format 
is fed to a recording signal processor 1 7 and modulated 
to a recording signal as it is. In other words, the 64 fs/ 
one-bit signal is used as the digital audio data to be re- 
corded. In the recording signal processor 1 7, for exam- 
ple, modulation processing for adding an error correc- 
tion code and forming Eight-Fourteen modulation (EFM) 
is performed, and signals corresponding to the bit infor- 
mation actually formed on the disk are generated as the 
recording signals. 

The recording signal is a signal to be recorded on 
the second layer L2 of the disk 1, and the signal is a 
recording signal based on digital audio data consisting 
of the high sampling data of the 64 fs/one-bit format, and 
is the data to be recorded as pit P2 shown in Fig. 1 B. 

The 64 fs/one-bit signal outputted from the AX mod- 
ulation one-bit A/D converter 11 is fed simultaneously to 
a decimation filter 1 2 and converted to digital data of 2 
fs (= 88.2 kHz)/24-bit format. The frequency spectrum 
of the digital data of the 2 fs/24-bit format is shown in 
Fig. 3C. As shown therein, the sampling frequency is 
cut off at 2 fs, and data components in a frequency band 
up to the frequency of fs remain. 

Subsequently, through the operation of a second 
decimation filter 1 3, the data is further converted to dig- 
ital data of fs (= 44. 1 kHz)/24-bit format. The frequency 
spectrum of the digital data of fs/24-bit format is shown 
in Fig. 3D, where it is shown that only data components 
in the frequency band up to (1/2)fs remain. 

Through the operations of the decimation filters 1 2 
and 13 the sampling frequency is changed to 1/64 of the 
sampling frequency used in the AX modulation, howev- 
er, this operation is not what is typically called sampling 
rate conversion, but rather is a completely synchronous 
digital filtering for performing decimation in a ratio of 64: 
1. Therefore, there is no cause for generating jitter. 

The digital data of the fs/24-bit format are converted 
to data with 16 quantized bits by a bit mapping device 
14 and fed to a sound recording signal processor 15. In 
the recording signal processor, necessary processing 
such as the addition of an error correction code and per- 
forming Eight-Fourteen modulation (EFM) is performed 
on the digital audio signal of the fs/1 6-bit format to gen- 
erate a recording signal. This recording signal is the sig- 
nal to be recorded on the first layer L1 . More specifically, 
this signal is a recording signal based on digital audio 



6 

data comprising the normal data of the fs/1 6 bit format, 
and then is recorded as pit P1 shown in Fig. 1 B. 

As described hereinabove, when data is recorded 
on the disk, not only is high sound quality data for the 
second generation CD recorded on the second layer L2 
but also matching data for the first generation CD is re- 
corded on the first layer L1 . Thus, it appreciated that the 
data recorded on the first layer L1 and the second layer 
L2 are the same data. 

As described hereinabove, such a disk 1 as the sec- 
ond generation CD can be used not only for playback of 
high sound quality on a playback device matching the 
format of the second generation CD as described, but 
also for playback of the sound quality of the first gener- 
ation CD level on a playback device matching the format 
of the first generation CD. 

The sampling frequency of the high sampling data 
is an integral multiple of that of the normal data, that is, 
the first generation CD, therefore, the data recorded on 
the first layer of the disk 1 is not inferior to the first gen- 
eration CD in sound quality. More specifically, the sam- 
pling frequency is converted through the decimation fil- 
ter processing without using a sampling rate converter, 
so that the jitter usually accompanying sampling rate 
conversion is not generated, therefore, a sound quality 
of the same level as that obtained when an analog audio 
signal is sampled directly at 44.1 kHz is obtained. 

Next, the playback operation of the disk 1 compris- 
ing the second generation CD is explained. Fig. 4 is a 
block diagram of a system for the playback of the disk 
1 on a playback device matching the format of the sec- 
ond generation CD. The disk 1 is driven rotationally by 
a spindle motor 26. The spindle motor 26 is driven at a 
constant linear velocity responding to a driving signal 
generated from a motor controller 25. The spindle servo 1 
operation for constant linear velocity control by the mo- 
tor controller 25 is not described in detail herein because 
this technique is well known in connection with the first 
generation CD, however, generally a clock signal CK2 
generated by an oscillator 23 is divided by a frequency 
divider 24, and the standard clock signal CKs of a pre- 
scribed frequency corresponding to the disk rotational 
speed for the second generation CD system is obtained. 
The standard clock signal CKs and PLL clock signal 
CKd synchronous with the playback data are compared 
by the motor controller 25 to generate an error signal. 
Power which corresponds to the error signal is applied 
to the spindle motor 26 by the motor controller 25 to ac- 
tivate the constant linear velocity servo. The PLL clock 
signal CKd is generated, for example, by feeding the da- 
ta extracted in a high sampling data decoder 29 to a PLL 
circuit (not shown). 

The disk 1 is rotated and simultaneously a pickup 
21 irradiates a laser beam on the record surface of the 
disk 1 . The reflected beam is detected by the pickup 21 
in order to read the information in the pits formed on the 
disk 1 . 

When the focus point ol the pickup 21 is set so as 
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to be on the second layer L2, and the wave-length of the 
laser beam from the pickup 21 is selected so that the 
laser beam is reflected by the reflection film R2, as 
shown in Fig. 1 B, the information recorded as pits 92 
on the second layer L2 is read by the pickup 21. The 
information read by the pickup 21 is fed to the high sam- 
pling data decoder 29. The high sampling data decoder 
29 performs the decoding of the digital audio signal of 
the 64 fs/one-bit format. 

The dock signal CK2 having a frequency used for 
decoding the high sampling data, namely the second 
generation CD, is generated by the oscillator 23, and 
the clock signal CK2 is fed to the high sampling data 
decoder 29 and to a one-bit D/A converter 33. 

The pit information from the second layer L2 ex- 
tracted by the pickup 21 is decoded by the high sampling 
data decoder 29, so that the digital audio signal of 64 
fs/one-bit format is decoded. The resultant digital audio 
signal of the 64 fs/one-bit format is fed to the one-bit D/ 
A converter 33 to convert it to an analog audio signal for 
output at terminal 34. 

By following the above-mentioned operations, the 
high sound quality playback sound from the second gen- 
eration CD is obtained. 

Fig. 5 is a block diagram illustrating a system for the 
playback of the disk 1 on a playback device for the first 
generation CD. The disk 1 is driven rotationally by the 
spindle motor 26, and the spindle motor 26 is driven at 
a constant linear velocity in response to a driving signal 
from the motor controller 25. 

In the spindle servo operation for controlling the 
constant linear velocity control by the motor controller 
25, a clock signal CK1 from an oscillator 35 is divided 
using a frequency divider 36 to obtain the standard clock 
signal CKs with a prescribed frequency that corre- 
sponds to the disk rotation speed matching the format 
of the first generation CD. Then, the standard clock sig- 
nal CKs and PLL clock signal CKd that is synchronous 
with the playback data are compared to generate an er- 
ror signal. Power is applied to the spindle motor 26 cor- 
responding to the error signal to activate the constant 
linear velocity servo. The PLL clock signal CKd is gen- 
erated by feeding the data extracted in a normal data 
decoder 28 to the PLL circuit. 

The disk 1 is rotated and simultaneously a pickup 
39 irradiates a laser beam on the record surface of the 
disk 1 , and the reflected beam is detected by the pickup 
39 in order to read the information in the pits formed on 
the disk 1 . The laser beam of the pickup 39 for the first 
generation CD has a wavelength which passes through 
the semi-transparent reflection film R2 shown in Fig. 1 B, 
therefore, the laser beam is reflected from the aluminum 
reflection film R1 . In this way, the information formed as 
pits P1 on the first layer L1 is read by the pickup 39. 

The information read by the pickup 39 is fed to the 
normal data decoder 28. The normal data decoder 28 
is the part of the system that decodes the digital audio 
signal of the fs/1 6-bit format from the pit information. 
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The clock signal CK1 of the frequency used for de- 
coding the first generation CD, namely the normal data, 
is generated from the oscillator 35, and then the clock 
signal CK1 is fed to the normal data decoder 28 and to 
s a standard D/A converter 37. 

The pit information on the first layer L1 that is ex- 
tracted by the pickup 39 is decoded using the normal 
data decoder 28, thereby the digital audio signal of the 
fs/1 6-bit format is decoded. This decoded digital audio 
10 signal of the fs/1 6-bit format is fed to the D/A converter 
37 and then converted to the analog audio signal fed out 
at terminal 34. 

As described hereinabove, the disk 1 of the second 
generation CD can be also played back on a playback 
is device for the first generation CD. 

The sound quality of the playback sound is the 
same as that of the first generation CD, and the sound 
quality will not be degraded. 

Fig. 6 shows a block diagram illustrating the play- 
back of the second generation CD on a playback device 
that matches the formats for both the first generation CD 
and the second generation CD. 

Though the second generation CD having a double 
layered structure is shown in Fig. 6 comprising the disk 
1 , a first generation CD having a single layered structure 
equivalent to the first layer L1 may also be mounted. 
The spindle motor 26 for rotationally driving the disk 1 
is driven at a constant linear velocity in response to the 
driving signal from the motor controller 25. 

In the spindle servo operation for controlling the 
constant linear velocity control by the motor controller 
25, the standard clock signal CKs of a prescribed fre- 
quency is obtained by dividing the clock signal CK2 from 
the oscillator 23 using the frequency divider 24. The 
standard clock signal CKs and the PLL clock signal CKd 
synchronous with the playback data are compared in the 
motor controller 25 to generate an error signal. Power 
is applied to the spindle motor 26 corresponding to the 
error signal to activate the constant linear velocity servo. 

The PLL clock signal CKd is generated by feeding 
the data extracted in the normal data decoder 28 or the 
high sampling data decoder 29 to the PLL circuit (not 
shown). 

The disk 1 is rotated and simultaneously the pickup 
21 irradiates a laser beam on the record surface of the 
disk 1 , and the information recorded in the pits formed 
on the disk 1 is read. 

The focus point of the pickup 21 is selectively ad- 
justable to focus F2 on the second layer L2 or to focus 
F1 on the first layer L1 by an adjusting signal from a 
focus controller 38. Therefore, when the disk 1 is a disk 
of the second generation CD having a double-layered 
structure, as shown in Fig. 6, not only the pit information 
on the second layer L2 having the high tone quality data 
but also the pit information on the first layer L1 can be 
read. When the disk 1 is a first generation CD, of course, 
the focus is adjusted so as to be on the pit data of the 
first or only layer. 
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The information read by the pickup 21 is fed to the 
high sampling data decoder 29 and to the normal data 
decoder 28. 

The clock signal CK2 from the oscillator 23 has a 
frequency for decoding the high sampling data, and the 
clock signal CK2 is fed to the high sampling data decod- 
er 29. The clock signal CK2 from the oscillator 23 is con- 
verted to the clock signal CK1 of a frequency used for 
decoding the normal data by a frequency divider 27, and 
the clock signal CK1 is fed to the normal data decoder 
28. A digital audio signal with a sampling frequency of 
64 fs/one bit format is output as the decoded signal from 
the high sampling data decoder 29, and the output is fed 
to an input terminal T2 of a switch 32. 

■A digital audio signal with a sampling frequency of 
fs/1 6 bit format is output as the decoded signal from the 
normal data decoder 28, and the output is converted to 
the digital audio signal with a sampling frequency of 64 
fs/one bit format through an over sampling digital filter 
30 and a A£ modulation circuit 31 . The digital audio sig- 
nal output from the AX modulation circuit 31 is fed to an 
input terminal T1 of the switch 32. 

The selected output from the switch 32 is fed to the 
one-bit D/A converter 33 to convert the output to the an- 
alog audio signal made available at terminal 34. The 
clock signal CK2 ( which is the same clock signal as that 
for the high sampling data decoder 29, is also fed to the 
one -bit D/A converter 33. 

A disk judging section 22 judges whether the disk 
that has been mounted is a first generation CD or a sec- 
ond generation CD. This judgment is made possible by 
reading the table of contents (TOC) data recorded on 
the innermost periphery of the disk, regardless of its 
generation. 

The disk judging section 22 controls the switch 32, 
the dividing ratio of the frequency divider 24, and the 
focus controller 38 depending on the results of the judg- 
ment. 

The playback device is operated as described as 
follows when the disk 1 to be regenerated or played back 
is a second generation CD having a double -layered 
structure, as shown in Fig. 6. First, the disk judging sec- 
tion 22 judges whether the disk is a second generation 
CD based on the TOC data of the disk 1 and, if so, the 
dividing ratio of the frequency divider 24 is set to a value 
that corresponds to the second generation CD; the out- 
put of the switch 32 is connected to the input terminal 
T2; and the focus controller 38 is set to the condition F2 
for focusing the beam on the second layer L2. The di- 
viding ratio of the frequency divider 24 is prescribed to 
a value that corresponds to the second generation CD, 
whereby the frequency of the standard clock signal CKs 
used for the constant linear velocity servo of the motor 
controller 25 is converted to a frequency for the second 
generation CD. In other words, the disk 1 is driven rota- 
tionally at a constant liner velocity matching the require- 
ments of the second generation CD. 

The pit information on the second layer L2 extracted 



by the pickup 21 is decoded by the high sampling data 
decoder 29, so that the digital audio signal of 64 fs/one- 
bit format is decoded and fed to the switch 32. The out- 
put of the switch 32 is connected to the input terminal 
s T2, and the digital audio signal of the 64 fs/one-bit for- 
mat is fed to the one-bit D/A converter 33 and converted 
to the analog audio signal for output at terminal 34. 

On the other hand, the playback device is operated 
as described as follows when the disk 1 to be regener- 
io ated or played back is a first generation CD. First, the 
disk judging section 22 judges whether the disk is the 
first generation CD based on the TOC data of the disk 
. 1. and the dividing ratio of the frequency divider 24 is 
set to a value that corresponds to the first generation 
*s CD; the output of the switch 32 is connected to the input 
terminal T1 ; and the focus controller 38 is set to the con- 
dition F1 for focusing the laser beam on the first layer 
L1 . In this case, there is no second layer on the first gen- 
eration CD, therefore, the special control for selecting 
the first layer is unnecessary, and the point focusing of 
the known kind by the focus search/servo operation is 
sufficient for the first generation CD. 

The dividing ratio of the frequency divider 24 is pre- 
scribed to a value that corresponds to the first genera- 
tion CD, so that the frequency of the standard clock sig- 
nal CKs used for the constant linear velocity servo of the 
motor controller 25 is converted to a frequency for the 
first generation CD. In other words, the disk 1 is driven 
rotationally at a constant liner velocity matching the re- 
quirements of the format of the first generation CD. 

Then, the pit information extracted by the pickup 21 
is decoded by the normal data decoder 28, so that the 
digital audio signal of fs/1 6-bit format is decoded. The 
digital audio signal of the fs/1 6-bit format that has been 
decoded is converted to the digital audio signal of 64 fs/ 
one bit format by the over sampling digital filter 30 and 
the AI modulation circuit 31 . both of which are operated 
with the signal clock CK2. The output of the AI modu- 
lator 31 is fed to input terminal T1 of the switch 32. The 
output of the switch 31 is connected to the input terminal 
T1 under control of the disk judging section 22, and the 
digital audio signal of the 64 fs/one-bit format is fed to 
the one-bit D/A converter 33, and converted to the an- 
alog audio signal available at terminal 34. 

In the playback device of this type, if the mounted 
disk 1 is judged by the disk judging section 22 as a sec- 
ond generation CD having a double-layered structure, 
it is possible to extract and playback the pit data on the 
first layer. In this case, the dividing ratio of the frequency 
divider 24 is set to a value that corresponds to the first 
generation CD, and the output of the switch 32 is con- 
nected to the input terminal TV The pickup 21 is set to 
the condition F1 for focusing on the first layer. Then, the 
pit information on the first layer read by the pickup 21 is 
decoded by the norma! data decoder 28 to convert the 
pit information to the digital audio signal of the fs/1 6 bit 
format. The digital audio signal of fs/1 6-bit format is con- 
verted to the digital audio signal of 64 fs/one bit format 
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by the over-sampling filter 30 and AX modulation circuit 
31 . The audio signal of 64 fs/one bit format is fed to the 
one-bit D/A converter 33 through the input terminal T1 
and the output of the switch 32 and converted to the an- 
alog audio signal output. 

By using the playback device shown in Fig. 6 which 
is capable of the above-mentioned operations, the data 
on the second layer L2 of the disk of the second gener- 
ation CD is regenerated, thereby the high sound quality 
playback of audio data of the 64 fs format is realized. 
The sampling frequency of the high sampling data re- 
corded on the second layer L2 is prescribed to be an 
integral multiple of the sampling frequency of the normal 
data recorded on the first layer L1 and first generation 
CD, thereby the playback device, as shown in Fig. 6, 
that is compatible with the first generation CD can be 
realized without using a seriously complex clock sys- 
tem. 

In other words, for the clock system, the ratio of 
sampling frequency of the high sampling data and the 
normal data is prescribed to a ratio of integers, so that 
the clock signal generated from the oscillator 23 is used 
commonly. A clock having a required frequency is easily 
generated using only a frequency divider without the 
need for a plurality of oscillators. Therefore, it is not nec- 
essary to structure two independent master clock sys- 
tems, and this embodiment allows the clock system cir- 
cuit to be constructed simply. 

On the other hand, in the playback system the one- 
bit D/A converter 33 can be used commonly, so that the 
playback system circuit can be structured simply and 
without degradation in sound quality. 

The one-bit D/A converter 33 is a D/A converter 
which is operated corresponding to playback data of the 
high sampling data. To use the D/A converter commonly 
with playback data of the normal data, the data of fs/16 
bit format generated from the normal data decoder 28 
should be converted to the data of the 64 fs/one bit for- 
mat. In this embodiment, however, because the sam- 
pling frequencies are in the relationship of an integral 
multiple, the data is subjected to the 64 times over-sam- 
pling through the over-sampling filter 30, and the data 
is converted to one-bit format through the AX modulation 
circuit 31, these two operations are sufficient for satis- 
fying the requirement. Therefore, it is not necessary to 
use a sampling rate converter and not using a sampling 
rate converter eliminates the cause of jitter generation. 

The embodiment described hereinabove refers to 
the first generation CD as the current CD system and to 
the second generation CD matched to the first genera- 
tion CD, however, the present invention is applied to not 
only a CD system but also other systems. For example, 
in the case of a digital tape recorder system, a record 
playback system which is applied with a sampling fre- 
quency of an integral multiple of 44.1 kHz is realized. 

Otherwise, in the case of a record playback system 
having a sampling frequency of 32 kHz or 48 kHz, a sec- 
ond gene rat bn system having sampling frequencies of 
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32 kHz x n. or 48 kHz x n, where n represents an integer, 
can be structured. In the case of a disk, for example, 48 
kHz sampling data can be recorded on the first layer and 
96 kHz sampling data can be recorded on the second 
$ layer. 

The recording layer structure of a recording medium 
may also be a structure comprising three layers or more 
layers. 

Although the present invention has been described 
io hereinabove with reference to the preferred embodi- 
ment, it is to be understood that the invention is not lim- 
ited to such illustrative embodiment alone and various 
modifications may be contrived without departing from 
the spirit or essential characteristics thereof, which are 
is to be determined solely from the appended claims. 



Claims 

20 -\. A recording apparatus for recording a digital audio 
program to a multi-layer recording medium respec- 
tively comprising: 

analog to digital converting means for convert- 
25 ing an input analog signal to 1 bit stream digi- 

tized data sampled at a first sampling frequen- 
cy; 

down sampling and re-quantization means re- 
ceiving the 1 -bit stream digitized data for con- 
30 verting the first sampling frequency to a second 

sampling frequency lower than the first sam- 
pling frequency and converting 1-bit stream 
digitized data to multi-bit digitized data; 
first recording means for recording the multi-bit 
35 digitized data sampled at the second frequency 

to one layer of the multi-layer recording medi- 
um; and 

second recording means for recording the 1 -bit 
steam digitized data sampled at the first fre- 
40 quency to another layer of the multi-layer re- 

cording medium. 

2. The recording apparatus according to claim 1, 
wherein said down sampling and re-quantization 

45 means includes means for producing said multi-bit 
digitized data to have 16 bit quantization and said 
second sampling frequency to be 44.1 KHz. 

3. The recording apparatus according to claim 1 or 2, 
so wherein said analog to digital converting means 

comprises modulator means for setting said first 
sampling frequency to 2.8224 MHz. 

4. The recording apparatus according to claim 1 , 2 or 
ss 3, wherein analog to digital converting means com- 
prises a 1-bit AX modulation A/D converter. 

5. The recording apparatus according to claim 1, 
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adapted to record said digital audio program on a 
recording medium having a base plate of diameter 
not larger than 120 mm, and each layer of the multi- 
layer recording medium having an information re- 
cording capacity of not less than 4.7 Gbytes, to form s 
a recording track at a track pitch of approximately 
0.74 urn. 
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a diameter not larger than 120 mm, a recording 
track formed at a track pitch of approximately 0.74 
urn, and each layer of the recording medium has an 
information recording capacity of not less than 4.7 
Gbytes. 

11. A multi-layer recording medium comprising: 



6. A reproducing apparatus for reproducing a digital 
audio signal from one layer of a multi-layer record- '<> 
ing medium comprising: 

pic*up head means for reproducing the digital 
audio signal from one layer of the multi-layer 
recording medium; is 

first decoding means for decoding a first digital 
audio signal in accordance with a first format 
corresponding to said one layer; 

20 

second decoding means for decoding a second 
digital audio signal in accordance with a second 
format corresponding to another layer of the 
multi-layer recording medium; 

25 

discriminating means for discriminating a se- 
lected layer between the one layer and the oth- 
er layer of the multi-layer recording medium; 
and 

30 

switching means for selecting between the first 
and second digital audio signal in accordance 
with an output result of the discriminating 
means. 

35 

7. The reproducing apparatus according to claim 6, 
wherein the one layer on the multi-layer recording 
medium comprises a first layer on which an audio 
data program is recorded in accordance with the 
first format; and 40 

the other layer on the multi-layer recording 
medium comprises a second layer on which the au- 
dio data program is recorded in accordance with the 
second form. 

45 

8. The reproducing apparatus according to claim 7, 
wherein the first format is characterised in that the 
audio data program is converted to multi-bit data 
words sampled at 44.1 KHz. 

so 

9. The reproducing apparatus according to claim 7 or 
8, wherein the second format is characterised in 
that the audio data program is converted to one bit 
data words sampled at 2.822 MHz. 

55 

10. The reproducing apparatus according to claim 6, 7, 
8 or 9, adapted to reproduce said digital audio signal 
from a recording medium having a base plate with 



a first layer of the multi-layers on which a multi- 
bit digitized data signal sampled at a first fre- 
quency is recorded; and 
a second layer of the multi-layers on which a 
1-bit stream digitized data signal sampled at a 
second frequency is recorded. 

12. The recording medium according to claim 11, 
wherein 

the first layer includes an audio data program 
recorded thereon in accordance with a first for- 
mat; and 

the second layer include the audio data pro- 
gram recorded thereon in accordance with a 
second format. 

13. The reproducing medium according to claim 12, 
wherein said first format is characterized in that the 
audio data program is converted to the multi-bit data 
words sampled at 44.1 KHz. 

14. The reproducing apparatus according to claim 12 
or 1 3, wherein the second format is characterised 
in that the audio data program is converted to 1-bit 
data words sampled at 2.822 MHz. 

15. The reproducing apparatus according to claim 12. 
13 or 14, wherein a base plate of the recording me- 
dium has a diameter not larger than 120 mm, a re- 
cording track is formed at a track pitch of approxi- 
mately 0.74 |im, and each layer of the recording me- 
dium has an information recording capacity of not 
less than 4.7 Gbytes. 
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